Background: Distal tibial fractures are managed with external fixation techniques such as Ilizarov to prevent soft-tissue-related complications. In spite of adequate care in wire placement techniques, some cases experience synovitis of ankle joint, stiffness of joint due to pin-tract infections, and deep-seated infection. The accurate description of the ankle joint capsular and synovial recess anatomy is still not clear. The purpose of our study was to study the accuracy of the available guidelines for wire insertion by identifying the relationship between the ankle capsular attachments and the wires in an Indian population. Materials and Methods: 1.8-mm Ilizarov transosseous wires were inserted percutaneously through the distal fibula to tibia from posterolateral to anteromedial direction 2 cm above the joint line in 20 embalmed cadaveric limbs. Dissection of the ankle joint was performed after a dye was introduced into the joint capsule to look for the extent of synovium from the joint line, medial malleolus, and lateral malleolus by the visible bulging and color change of the membrane. Distance from the wire to the synovial extensions distally was measured with a vernier caliper. Results: The mean distance of synovial extension from the joint line, medial malleolus, and lateral malleolus were 20.2 mm, 30.8 mm, and 41.4 mm, respectively. Distal wire-to-synovial extension distance anteriorly was ± 0.2 mm. Wire-to-joint line distance after dissection was 20 mm. The proximal synovial extension was found to be in the 101% from the joint line to the wire. Conclusion: The synovial extensions were found to be close to the distal tibial transosseous wires. A minimum distance of 2.5-3 cm from the joint line proximally should be the safe extent for passing the wires to prevent the risk of synovitis.
Introduction
Tibial pilon fractures, fractures of distal tibial shaft with high-grade soft-tissue injuries and compound tibial fractures are treated with Ilizarov or hybrid external fixators to avoid soft-tissue-related complications [ Figures 1 and 2 ]. [1] This option gives stable fixation, preserves soft tissues, allows early weight-bearing and better functional outcomes. [2] The surgeon needs expertise in wire insertion techniques to avoid neurovascular complications. Many authors have proposed safe corridors for wire placements. [3, 4] In spite of adequate care, some experience synovitis, stiffness of ankle joint due to pin-tract infections, and also deep-seated infections. [5] The accurate description of the ankle joint capsular and synovial recess anatomy is still not clear. Studies to show synovial recess using magnetic resonance imaging (MRI) This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
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has been published in Western literature. [1] To date, there is only a single cadaveric dissection study that shows the synovial extent in relation to distal tibial pins. [6] The purpose of our study was to identify the relationship of the ankle joint synovium and the transosseous wires inserted percutaneously from the available literature guidelines in an Indian population. We also tried to find out the relationship of the ankle joint synovial extension with the palpable anatomical landmarks such as joint line and malleoli.
Materials and Methods
Twenty embalmed and uninjured cadaveric limbs of both sexes were selected for the study after obtaining institutional ethical committee clearance. Anatomical landmarks such as medial malleolus, lateral malleolus, and ankle joint line were palpated and marked with a skin marker. A 1.8-mm Ilizarov transosseous wire was inserted 2 cm above the palpable joint line from the distal Journal of Limb Lengthening & Reconstruction | Volume 5 | Issue 2 | July-December 2019 fibula to tibia from posterolateral to anteromedial direction by the senior author in all specimens. 10-15 ml of colored ink was injected into the ankle joint anteromedially after exposing the joint capsule. Passive movements of ankle joint were performed few times to allow even distribution of the ink. Dissection of the ankle joint was performed to look for extent of synovium from the joint line, medial malleolus, and lateral malleolus by the visible bulging and color change of the membrane. Distance from the wire to the synovium extension proximal to the joint line was measured with a vernier caliper. The ratio of the distance between synovial extension to ankle joint line and the wire to joint line was calculated.
Results and Observation
The mean distance of proximal synovial extension from the anterior joint line was 20.2 mm (range, 16.7 mm to 23.4 mm). The synovial extension from the tip of the medial malleolus was at a mean distance of 30.8 mm (range, 28.8 mm to 34.2 mm) and from the tip of the lateral malleolus was 41.4 mm (range, 38.6 cm to 44.6 cm) [ Table 1 and
The mean distance of the wire to synovial extension was 0.2 mm (range, −3.4 mm to 3.3 mm). The ratio of distance from joint line to the 2cm proximal wire and distance of synovial extension from joint line was calculated be 101% [ Table 2 ].
Discussion
Distal tibial fractures with high-grade soft-tissue injuries which cannot be treated by internal fixation are managed by hybrid external fixation or Ilizarov ring fixators. [7, 8] Even though the union rate is good with method of ankle spanning external fixation, poor functional outcome due to ankle stiffness is still a problem.
This can be avoided by using tensioned wires in Ilizarov fixators, which allows early movements of ankle joint, thereby keeps the articular cartilage viable. [2, 5] Safe corridors for wire placements have been established by various authors to prevent neurovascular and tendon impalement. [3] However, the risk of penetration into ankle joint capsule was only highlighted by Vives et al. in 2001, where they first described capsular impalement by pins placed according to the safe zones published in literature. They identified the anteromedial superior capsular extension 32 mm (by dissection) and 30 mm (by arthrogram) from the medial malleolus and 21 mm (by dissection) and 20 mm (by arthrogram) from the anterior joint line, respectively. [6] Boardman and Liu described an anterolateral extension of the ankle joint capsule. [9] Lee et al. noted that the proximal capsular extension is continuous spanning anterior to the distal tibia from the anteromedial to the anterolateral aspects of the distal tibia in contrary to the earlier impression that there were two separate anteromedial and anterolateral proximal capsular extensions anterior to the distal tibia. [1] Lee et al. used MRI Though septic arthritis is rare in the ankle compared to knee as stated by Hutson and Zych in their meta-analysis of 17 studies with periarticular tibial fractures, its prognosis is worse. [10] Tornetta et al. noted pin-tract infections (11.5%) and deep infections (3.8%) are and can cause septic arthritis. [5] In our study, the proximal capsular extension was very close to the wires inserted 2 cm from the joint line. The capsule could possibly be penetrated if the wires are placed distally to achieve better reduction or fixation in very distal fractures.
Our results show that the synovial extent was more proximal in the Indian population compared to the Western population. There are variations in knee anatomy, but there is no literature mentioning the difference in ankle joint anatomy among different races, [11] which needs further evaluation.
Conclusion
We conclude that the safe limit of 2 cm from the joint line for wire insertion as proposed by Vives et al. in the Western population should be increased to at least 2.5-3 cm for Indian population. Furthermore, clinically, lateral malleolus is a better bony landmark as it is easier to locate than the anterior joint line and wires can be safely passed 4 cm above the lateral malleolus without penetrating the synovium.
A pilon fracture may increase the zone of communication beyond 2 cm. Hence, in articular fractures, if the wires are needed to be passed distally to achieve better reduction, the possibility of infection should be kept in mind and the patient followed up frequently. Prompt treatment of early pin-tract infections is necessary in such cases to prevent devastating complications such as septic arthritis.
The limitations of our study are the cadaveric measurements may not correlate exactly with live patients. Furthermore, arthrogram for evaluation and found that the distance was 1 cm [Table 3 ].
Whereas, the previous studies used either X-ray arthrogram and dissection or only dissection and they found it to be 2 cm. We used only dissection to study the accuracy of the above values in the Indian population.
Complications of Ilizarov ring fixators such as tendon and neurovascular injuries are inevitable even after following the safe corridors. [6] Several measures such as tapping the wire in near soft-tissue and drilling only when wire hits the bone as advised by many authors like Tornetta et al. are employed to minimize the injury to these structures. [5] a fracture model was not used in our study. Hence, the exact capsular extensions may vary a little in patients. This study gives a rough idea regarding the distal safe extent for wire placement. We could not assess the differences between male and female because of limited availability of cadavers. Furthermore, we did not study the relationship of synovium with half pins. Further studies are needed to overcome these limitations. 
